For the purpose of obtaining L-asparaginase in quantities from Erwinia aroideae, cell growth and enzyme formation were investigated in both batch and continuous fermentation. Using yeast extract as a growth-limiting substrate, the relationship between specific growth rate and substrate concentration was found to fit the Monod equation. The optimum temperature for enzyme production was 24 C, although cell growth was higher at 28 C. The enzyme yield reached its maximum of 4 IU/ml during the negative acceleration growth phase which occurs just prior to stationary growth. Compared to batch fermentations, the continuous fermentation process gave a lower enzyme yield except when the fermentation was conducted at a dilution rate of 0.1 hr-'. The graphical method frequently used for prediction of continuous fermentation does not apply to L-asparaginase production by E. aroideae. The optimum temperature for enzyme production in continuous process was 24 C, which was the same as in batch process. Increasing the temperature from 24 to 28 C resulted in a 20% loss of enzyme yield.
A large amount of research has been conducted upon the biosynthesis of L-asparaginase since Mashburn and Wriston (6) demonstrated antitumor activity. Thus far most publications on L-asparaginase production have dealt with the nutrient requirements of microorganisms for optimal enzyme production. Far less research has been completed upon fermentation kinetics and continuous production processes. Kinetic studies would allow the prediction of fermentation rate, product yield, and the control of the fermentation process. A continuous fermentation has advantages of productivity, ease of control, uniformity, and low labor costs. However, the difficulties of maintenance of sterility and stability in continuous process must be carefully considered. If these probelms are resolved, a continuous process is favored.
Several species of Erwinia have been reported to provide promising sources of Lasparaginase and have proved to be effective against solid tumors (8, 10) . In the present study, the fermentation kinetics and the continuous production of L-asparaginase by Erwinia aroideae are described.
MATERIALS AND METHODS Batch fermentation. Erwinia aroideae NRRL B-138, which produces high yields of L-asparaginase with antitumor activity (8) (Fig. 2) . Here g represents the specific growth rate in the exponential growth phase, and S is the concentration of yeast extract which is close to the initial concentration because of the low cell concentration. As shown in Fig. 2 , a linear relation was observed. The following growth rate was then obtained by using the Monod equation (7): u = (0.526 S)/(1.18 + S). Therefore, ma.. = 0.526 hr-1. K6, the saturation constant, is 1.18 g/liter.
Effect of temperature on growth rate. The effect of temperature on growth and enzyme formation in batch fermentation was studied. The optimum temperature for growth and L-asparaginase production were 28 C and 24 C, respectively (Fig. 3) . At 20 C, the total enzyme activity was close to that synthesized at 24 C although growth was poor (only 2.5 g/liter). Thus, a product with high specific activity (1,850 IU/g dry weight) can be obtained at 20 C if the productivity is not of direct concern. The activation energy of cell growth was found to be 8,500 cal/mole from an Arrhenium plot of exponential specific growth rate as a function of temperature.
Relation of growth rate to enzyme synthesis. Luedeking and Piret (4) observed that the specific production rate of lactic acid was proportional to the specific growth rate for Lactobacillus delbrueckii. However, the batch production of L-asparaginase by E. aroideae (Fig. 4) does not show this association (Fig. 5) , i.e., there is an absence of a linear relationship between the specific production rate and the specific growth rate.
Prediction of continuous fermentation behavior from batch fermentation data. From the material balance of a single-stage continuous fermentation, the following equation can be obtained at the steady-state condition: D = (dCx/dt)/Cx, where D is the dilution rate. The value of Cx can be predicted graphically from a plot of (dCx/dt) against Cx which is obtained from batch fermentation data. In the same manner, Cp can be estimated by plotting (dCp/dt) against Cp. Figure 6 illustrates the graphical solution for a continuous fermentation. The data were obtained from Fig. 4 . From these data, six continuous runs were planned. These included dilution rates in the range of 0.05 to 0.5 hr-1. As shown in the right-hand portion of Fig. 6 , enzyme concentrations increased with decreasing dilution rate. It was expected that 0.05 hr-I run would give the highest enzyme yield of 3.7 IU/ml and cell mass of 5.9 g/liter.
Continuous fermentation. Of six continuous runs, all achieved steady state within 2 to 3 days. The cell concentrations were higher than expected (Fig. 7) . Only at a dilution rate of 0.1 hr'-I was the enzyme yield as expected. It was also this dilution rate that gave the highest enzyme yield. "Washout" was observed at the dilution rate of 0.5 hr-1.
Contrary to the batch fermentation data, a linear relationship between specific production rate and specific growth rate was observed in continuous fermentation (Fig. 5) .
As shown in Fig. 3 . the fermentation temperature affected both enzyme yield and cell growth in batch fermentation. An effect of (Fig. 8) . As the temperature was shifted to 28 C, enzyme yield started to fall, and a new steady state was achieved in 24 hr. A loss of 20% enzyme yield was observed due to temperature shift. When the temperature was readjusted to 24 C, the enzyme yield L-asparaginase synthesis by E. aroideae.
Enzyme formation in either batch or continuous process was found to be greater when E. aroideae was grown at 24 C than at 28 C. The latter temperature is optimal for growth. The activation energy for cell growth is 8,500 cal/mole, which is close to that for the fungus Penicillium chrysogenum (1) .
The growth rate equation derived by Kono and Asai (3), which can be applied to entire fermentation processes, can be used to analyze asparaginase production. The calculated values of product concentration, although not shown here, did not fit well with the observed values in the constant growth and declining growth phase. Nevertheless, the equation for product concentration in the additional phase, a term used by Kono and Asai, can be used in these two phases since the production rate was inversely proportional to the concentration of product present.
The observed values of cell and enzyme yield data of continuous fermentation process did not agree with the predicted values obtained from batch fermentation data. The cell concentrations in the continuous fermentation were higher than expected. On the contrary, the enzyme yields were lower than expected except at a dilution rate of 0.1 hr-1. A comparison batch and continuous processes show they both differ in kinetic behavior (Fig. 5 ). This suggests a significant accumulation of intermediate metabolites between substrate and product formation in the batch fermentation. This is probably due to the difference in physiological state between the organism in continuous fermentation and in batch fermentation.
